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Decreasing levels of renal function act as a major adverse prognostic factor after contrast
exposure with or without percutaneous coronary intervention. In chronic Kidney disease,
the most important risk factor for the development of contrast-induced nephropathy
(CIN) is an estimated glomerular filtration rate < 60 mL/min/1.73 m’. Additional risk
factors include diabetes, proteinuria, volume depletion, heart failure, and intraprocedural
events. Overall, CIN occurs in approximately 15% of radiocontrast procedures, with < 1%
requiring dialysis. CIN is directly related to increases in hospitalization length, cost, and
long-term morbidity. For those patients who require dialysis, a 30% in-hospital mortality
rate and 80% 2-year mortality rate can be expected. CIN is predictable and presents an
opportunity to utilize preventive strategies, given the increasing numbers of patients
undergoing contrast procedures worldwide.
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nations are the central drivers of a secondary epidemic of combined
chronic kidney disease (CKD) and cardiovascular disease (CVD).'
Approximately one half of all cases of end-stage renal disease (ESRD) are due to
diabetic nephropathy, with most of these cases driven by obesity-related type 2
diabetes and hypertension.! With cardiovascular care shifting towards the

T he modern pandemics of obesity and hypertension in industrialized
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Epidemiology of CIN continued

without decreased GFR, manifest by either:
« Pathological abnormalities; or

abnormalities in imaging tests

Criteria

1. Kidney damage for = 3 months, as defined by structural or functional abnormalities of the kidney, with or

+ Markers of kidney damage, including abnormalities in the composition of the blood or urine, or

2. eGFR < 60 mL/min/1.73 m? 2 3 months, with our without kidney damage

Markers of Kidney Damage
Proteinuria

Findings Indicating Kidney Damage
Albuminuria

Urine sediment abnormalities

Cellular casts, coarse granular casts, fat

Imaging tests

Abnormalities in kidney size

Asymmetry in kidney size or function
Irregularities in shape (cysts, scars, mass lesions)
Stones

Hydronephrosis and other abnormalities of the
urinary tract

Abnormalities in blood or urine composition

Arterial stenosis and other vascular lesions
Nephrotic syndrome

Tubular syndromes (renal tubular acidosis, potassium
secretory defects, renal glycosuria, renal phosphaturia,
Fanconi's syndrome)

Figure 1. The criteria for chronic kidney disease (CKD) according to the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative (KDOQI). Increased rates of adverse events are generally seen below an estimated
glomerular filtration rate (eGFR) of 60 mL/min/1.73 m?. GFR, glomerular filtration rate. Reprinted with permission

from the National Kidney Foundation.?

growing elderly population, it is
imperative to wunderstand why
decreasing levels of renal function
act as a major adverse prognostic
factor after contrast exposure with
or without peripheral or percuta-
neous coronary intervention (PCI).?
As the most proximal renal event,
acute renal failure is predictable and
provides an opportunity to utilize
preventive strategies outlined in this
supplement.

Chronic Kidney Disease:

Defining a Critical Level of Risk
CKD is defined as an estimated
glomerular filtration rate (eGFR)
< 60 mL/min/1.73 m? or by the
presence of microalbuminuria/pro-
teinuria (random spot urine albu-
min to creatinine ratio of > 30 mg/g)
(Figure 1).* Most studies of cardiovas-
cular outcomes confirmed a break-
point in eGFR of 60 mL/min/1.73 m?
for the development of contrast-
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induced nephropathy (CIN), later
restenosis, recurrent myocardial
infarction, diastolic/systolic conges-
tive heart failure (CHF), and cardio-
vascular death.*” This roughly corre-
sponds to a serum creatinine (SCr)

level of > 1.5 mg/dL in the general
population.

However, serum creatinine can be
amazingly deceptive in the elderly.
As Table 1 depicts, the threshold of
an eGFR of 60 mL/min/1.73 m? can
be found at a SCr < 1.0 mg/dL in
those over age 80. Calculated meas-
ures of eGFR or creatinine clearance
(CrCl) are critical to understanding
the epidemiology and risks of CIN.
The Modification of Diet in Renal
Disease (MDRD) equation, the pre-
ferred method for these calculations
as it does not rely on measured body
weight and is available on commer-
cial laboratory reports and on per-
sonal digital assistants (PDAs), is
given below®:

(186.3 * [serum creatinine''*] * [age->*])
Calculated value is multiplied
by .742 for women and
by 1.21 for African Americans.

In addition, microalbuminuria at
any level of eGFR represents CKD
and most likely occurs as a result of
hyperfiltration in the kidneys due to
diabetes and hypertension-related
changes in the glomeruli.® It is criti-
cal to understand that CIN risk is
related in a curvilinear fashion to the

Table 1
Serum Creatinine Corresponding to
an eGFR of 60 mL/min/1.73 m?

European American

African American

Age (y) Men Women Men Women
30 1.47 1.13 1.73 1.34
40 1.39 1.08 1.65 1.27
50 1.34 1.03 1.58 1.22
60 1.30 1.00 1.53 1.18
70 1.26 0.97 1.49 1.15
80 1.23 0.95 1.46 1.12

Calculations in this table assume a weight of 72 kg and body surface area of 1.73 m?. Units
for serum creatinine are mg/dL (multiply by 88.4 wmol/L = 1 mg/dL).
Reprinted with permission from the National Kidney Foundation.*
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Figure 2. Validated risk of acute renal failure requiring dialysis after diagnostic angiography and ad-hoc angio-
plasty. A mean contrast dose of 250 mL and a mean age of 65 is assumed. CrCl, creatinine clearance; CIN, con-
trast-induced nephropathy. Data adapted from McCullough et af and Rihal et al.””

eGFR as shown in Figure 2.°° Among
all patients taken to the cardiac
catheterization laboratory, approxi-
mately 15% will develop CIN (Table
2).21-15 Furthermore, CIN risk is
approximately the same for renal
and peripheral vascular procedures,
as indicated in Table 2. With over
1,000,000 procedures performed
annually in the United States, the
incidence of CIN is over 150,000
cases per year.

Risk Factors for

Contrast Nephropathy

The level of renal dysfunction, best
expressed in terms of eGFR as out-
lined above, is the most important
risk factor for the development of
CIN.” An eGFR of 60 mL/min/1.73 m?
corresponds to a serum creatinine of
1.30 and 1.00 in a 60-year-old male
and female, respectively (Table 1).
After eGFR has been considered,
other risk factors influence outcomes,
but to a lesser extent. These risk fac-
tors include diabetes, duration of
diabetes, urine albumin/creatinine
ratio (ACR), hypertension, a history
of structural kidney disease or dam-
age, congestive heart failure, and

preprocedural volume depletion.
Also, several procedural factors add
injury and behave as risk factors in
the causal pathway of acute renal
failure. These factors include intrapro-
cedural hypotension, use of intra-
aortic counterpulsation, cholesterol
emboli syndrome, and use of large
volumes of contrast (Table 3).
Probably the most underappreciated
event is atherosclerotic emboli dis-
lodged when a catheter is passed

through the aorta, which occurs in
approximately 50% of cases, most of
which are clinically silent.** Although
proposed, a limit of contrast beyond
which CIN can occur has never been
confirmed. In fact, as the eGFR
declines, lesser amounts of contrast
are needed to induce CIN. When the
eGFR drops to < 30 mL/min/1.73 m?
approximately 15 cc to 30 cc of con-
trast can trigger CIN leading to dial-
ysis.”” Importantly, in the absence of
contrast, hypotension and prolonged
durations of cardiopulmonary bypass
are related to acute renal failure after
coronary artery bypass graft surgery
in patients at risk (eGFR < 60
mL/min/1.73 m?).5®

Contrast-Induced Nephropathy
or “Benign Creatininopathy”?

The most common definitions of
CIN are a rise in SCr > 25% from base-
line, or by an absolute increase from
baseline of > 0.5 mg/dL. In 80%
of cases, this rise occurs within the
first 24 hours.” Nearly all patients
who progress to serious renal failure
requiring either nephrology consul-
tation or dialysis have a rise in SCr
within the first 24 hours.” The tra-
jectory of this rise commonly peaks

Table 2
Rates of Contrast-Induced Nephropathy (CIN)
in Renal Vascular and Peripheral Procedures

No. of Vascular

Author Year Patients Bed CIN Definition CIN Rate
McCullough et al’ 1997 3695 Coronary > 25% rise 14.8%
Cochran et al" 1983 266 Renal > 20% rise or 16.9%

> 0.3 mg/dL
Schillinger et al> 2001 213 Peripheral > 20% decrease CrCl 12.0%
Sabeti et al®® 2002 85 Renal > 33% rise in 24 h 15.0%
Lufft et al* 2002 47 Renal > 25% rise 12.8%
Lufft et al® 2002 80 Renal > 25% rise or

> 0.5 mg/dL 7.8%

The most common definitions of CIN are a rise in SCr > 25% from baseline or by an absolute increase
from baseline of > 0.5 mg/dL prior to contrast exposure. CR, creatinine; CrCl, creatinine clearance.
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Table 3
Risk Factors for the Development of
Contrast-Induced Nephropathy

¢ eGFR < 60 mL/min/1.73 m?
¢ Diabetes

e Urine ACR > 30

e Hypertension

e History of structural kidney
disease or damage

e Congestive heart failure

¢ Preprocedural volume depletion
¢ Intraprocedural hypotension

e Intra-aortic counterpulsation

¢ Cholesterol emboli syndrome

e Use of large volume of contrast

ACR, urine albumin-creatinine ratio; eGFR, estimated glomerular filtration rate.

at 48 hours to 96 hours after con-
trast exposure (Figure 3). We and
others have demonstrated that the
overall risk of CIN, defined as a tran-
sient rise in SCr > 25% above the
baseline, occurs in approximately
13% of nondiabetics and 20% of dia-
betics undergoing PCI (Figure 2).°
Fortunately, the overall rates of CIN
leading to dialysis are low
(0.5%-2.0%). Yet, when they occur,
they are related to catastrophic
outcomes, including a 36% in-
hospital mortality rate and a 2-year
survival rate of only 19%.°
Approximately one half of dialysis
cases are transient, and one half
result in permanent dialysis depend-
ency. However, the high mortality
rate is unchanged whether the dial-
ysis is permanent or temporary.’
The mortality rate for acute renal
failure requiring dialysis after con-
trast exposure is consistent with the
high rates observed in other series of
acute in-hospital renal failure
(Table 4).°*¢ Therefore, a “benign
creatininopathy” or asymptomatic
rise in SCr can be the beginning of
fatal complications.”

Small Rises in Creatinine

Are Linked to Poor

Long-Term Outcomes

Transient rises in SCr are directly
related to longer intensive care unit
and hospital ward stays (3 and 4

more days, respectively) after bypass
surgery.” Even transient rises in SCr
translate to differences in adjusted
long-term outcomes after PCI
(Figure 4)." What is happening in

Hence, progression of CVD events
occurs at a higher rate. End-organ
protection as a strategy not only to
reduce in-hospital complications,
but to influence long-term out-
comes, is an intriguing issue.?

Chronic Care Impacts

Renal Outcomes

Long-term cardiorenal protection
involves two important concepts;
blood pressure control in CKD to a
target of ~125/75 mm Hg,” and use
of an agent that blocks the renin-
angiotensin system (RAS), such as
an angiotensin-converting enzyme
inhibitor (ACEI) or an angiotensin
receptor blocker (ARB) as the base
of therapy.* Importantly, in approx-

Nearly all patients who progress to serious renal failure requiring either
nephrology consultation or dialysis have a rise in SCr within the first 24 hours.

this population? The leading theory
suggests that as renal function
declines, the associated abnormal
vascular pathobiology accelerates.

imately 10% of cardiovascular
patients, both agents cause a chronic
rise in SCr > 25% above the baseline.*!
Despite the rise in SCr, there are large

Figure 3. Trajectory of serum creatinine (SCr) after contrast exposure in 3 sample patients with differing levels
of renal function: Patient A: eGFR > 60 mL/min/1.73 m?; Patient B: eGFR 30-60 mL/min/1.73 m? Patient C:
eGFR < 30 mL/min/1.73 m?. Note that each patient started with a serum SCr of 1.0 mg/dL at baseline and
definitions of contrast-induced nephropathy were met by patients B and C at 24 hours.

eGFR, estimated glomerular filtration rate; LOS, length of hospital stay.

= (Pt A)>60 mL/min (Pt B) 30-60 mL/min = (Pt C) <30 mL/min |
6
Dialysis
5 /
4

-~

SCr (mg/dL)

1 /

: —

Early Discharge|

0 T T

48 72 96

Time in Hours

S6 VOL 4 SUPPL. 5 2003 REVIEWS IN CARDIOVASCULAR MEDICINE



Epidemiology of CIN

Table 4
Rates of Contrast-Induced Nephropathy in Renal Vascular and Peripheral Procedures
Author Year No. of Patients Setting Dialysis Rate Mortality
McCullough et al’ 1997 3695 Catheterization laboratory 0.5% 37.0%
Gruberg et al* 2000 12,054 Catheterization laboratory 0.4% 25.5%
Levy et al* 1996 16,248 Radiologic contrast studies 1.1% 34.0%
Douma et al* 1997 238 ICU — 76.0%
Rialp et al® 1996 1087 ICU 5.9% 71.5%
Andersson et al* 1993 2009 CABG 1.2% 44.0%
Chertow et al* 1997 43,642 CABG 1.1% 63.7%
Joachimsson et al* 1989 5181 CABG 1.4% 57.0%

CABG, coronary artery bypass surgery; ICU, intensive care unit.

benefits to ACEI/ARB agents in reduc-
ing new cases of end-stage renal dis-
ease (ESRD), congestive heart fail-
ure, or cardiovascular death.**
These benefits extend to nondiabet-
ics and to African Americans with
CKD.*** Toxin removal largely
refers to discontinuation of non-
steroidal anti-inflammatory agents,
aminoglycosides, and cyclosporin.
These agents complicate cardiovas-
cular procedures and increase the

risk of CIN. Prevention measures
taken prior to PCI include hydra-
tion, measures to reduce the direct
cellular toxicity of the contrast, and,
importantly, measures to reduce the
intrarenal vasoconstriction occur-
ring uniquely in CKD patients when
exposed to iodinated contrast.” Based
on the totality of evidence to date, if
a patient can be carried through a
cardiovascular procedure (PCI or
bypass surgery) without a rise in

Figure 4. Adjusted, long-term outcomes in 7586 patients with and without acute renal failure after angioplasty,
P <.0001. Acute renal failure is defined as a 2 0.5 mg/dL rise in creatinine after percutaneous coronary intervention.
ARF, acute renal failure; MI, myocardial infarction. Reprinted with permission from Rihal et al.”
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SCr, shorter hospitalization and
improved long-term survival can be
expected.®1010-18

Prevention of Contrast-
Induced Nephropathy

For patients with significant CKD—
baseline eGFR < 60 mL/min/1.73 m?
or urine ACR > 30 mg/g—use of
a CIN prevention strategy is
advised. In general, at an eGFR of
30 mL/min/1.73 m? the expected
rate of CIN is 30% to 40% and the
rate of acute renal failure requiring
dialysis is 2% to 8%. Quality
improvement efforts in this area
favorably impact outcomes and the
bottom line of any program (Figure
5).*There are four basic concepts in
CIN prevention: (1) hydration, (2)
choice and quantity of contrast, (3)
pre-, intra-, and postprocedural end-
organ protection with pharma-
cotherapy, and (4) postprocedural
monitoring and expectant care.
These issues will be explored in
detail in subsequent articles in this
supplement.

Conclusion

Chronic kidney disease is the most
important factor in predicting
adverse short- and long-term out-
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Figure 5. Impact of contrast-induced nephropathy that results in dialysis on clinical and economic outcomes.

Reprinted with permission from Gruberg et al.*

ARF, acute renal failure; ICU, intensive care unit; QALY, quality adjusted life years.

comes after PCI. The most impor-
tant risk factor for the development
of CIN is reduced renal function.
Additive risk factors include diabetes
vintage, proteinuria, volume deple-
tion, heart failure, and intraproce-
dural events including hypotension,
use of intra-aortic balloon counterpul-
sation, cholesterol emboli, and high
volumes of contrast. The rationale for
renal end-organ protection is based
on chronic renal protection, avoid-

ance of additive renal insults, and 6.

a comprehensive approach to CIN
prophylaxis. ]
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e Overall, contrast-induced nehpropathy (CIN) occurs in ~15% of radiocontrast procedures with < 1% requiring dialysis.
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